Two experiments involving a total of 581 crossbred pigs weaned at 23 f 2 d of age evaluated 1) the efficacy of two diets that contained milk products during the initial 14 d postweaning and 2) the effect of coconut oil or soybean oil additions to swine starter diets. In Exp. 1, postweaning performance responses of pigs fed a control corn-soybean mealdried whey (C-SBM-DW) diet without added fat were compared with those of pigs consuming diets that contained 3,6, or 9% levels of coconut oil or degummed soybean oil. The results demonstrated no beneficial weight gain, feed intake, or gain-to-feed ratio response during the initial 14 d postweaning to either dietary oil source. From 15 to 35 d, gains increased to the 6% added fat level, but there was no effect on feed intake when the gain-to-feed ratio was improved to the 9% fat level. In Exp. 2, two diets containing milk products were fed during the initial 14-d postweaning period. The first diet contained corn, soybean meal, dried whey, dried skim milk, and fishmeal (high nutrient dense diet, HNDD), and the second was a C-SBM diet with 25% dried whey. During the period from 15 to 35 d, diets contained no added fat or a 6% level of coconut oil, soybean oil, or the 1: 1 combination of each at 3%. The results demonstrated that for the postweaning period from 0 to 14 d pigs fed the HNDD had higher gains (P < .Ol), feed intakes (P < .Ol), and gain-to-feed ratios (P < .01) than pigs fed the C-SBM-DW diet. From 15 to 35 d, pigs consuming diets with the vegetable oils had higher gains (P < .01) and gain-to-feed ratios (P < .Ol), but there was no effect on feed intake compared with pigs fed the control diet.
Introduction
Weanling swine have an immature digestive system and postweaning diets must be formulated to match the young pig's digestive 'Salaries and research support provided by State and insufficiencies. The addition of milk products to postweaning diets has consistently resulted in improved pig growth rates, higher feed intakes, and improved feed efficiencies compared with pigs fed a corn-soybean meal (C-SBM) diet (Graham et al., 1981) . Consequently, the weaning of pigs by 3 to 4 wk of age has resulted in most starter diets incorporating milk products at dietary levels ranging from 15 to 45%.
The addition of fat to pig starter diets has generally not resulted in enhanced growth rates during the initial weeks postweaning and its usage has, therefore, been more controversial than the dietary inclusion of milk products.
Although vegetable oils have higher digestibilities than animal fats during the initial weeks postweaning, the differences between them diminishes with time postweaning (Cera et al., 1989) . There was no apparent interaction effect when dietary dried whey and corn oil were evaluated (Cera et al., 1988a) , except for the effects of formulating to a desirable energy: lysine ratio (Cera and Mahan, unpublished data) . Coconut oil has resulted in a higher digestibility and growth rate earlier postweaning than other vegetable oils (Cera et al., 1989, 199Ob) . Coconut, corn, and soybean oil products have, however, resulted in higher growth rates during the latter portion of the starter phase (Cera et al., 1989 (Cera et al., , 1990b Howard et al., 1990) .
Two experiments were conducted to evaluate the efficacy of two starter diets, both without added fat, for the initial 14 d postweaning and to evaluate coconut oil and soybean oil levels during weekly postweaning intervals, and then to compare their effects when they were provided only during the latter portion of the nursery period.
Experimental Procedure
General. Pigs in both experiments were crossbred (Yorkshire-Landrance x Duroc) animals weaned at 23 f 2 d of age. Weaned pigs were housed in groups of seven in 1.2-m x 1.2-m elevated nursery pens. Each pen was equipped with a rubber-coated expanded metal floor, electric heat pad (50% of floor surface area), one nipple waterer, and five-hole self-feeder. Environmental temperatures in the nursery were initially established at -28'C but gradually were adjusted to -2o'C by the end of the nursery phase. pig weights and feed intakes were cornposited for the periods from 0 to 14 and 15 to 35 d and for the overall Experiment I. A total of 245 pigs were allotted to a 2 x 3 factorial arrangement of treatments in a randomized complete block design in seven replicates. Coconut oil or soybean oil were added at dietary levels of 3, 6, or 9%. A seventh group was fed a comsoybean meal-dried whey (C-SBM-DW) diet without added fat and served as the control.
Dietary levels of soybean meal and dried whey were increased and the percentage of corn decreased when the lipid levels were increased. The dietary lysine level was 1.15% in the control diet and 1.25% when fat was added. Vitamins and minerals were increased to a similar energy:nutrient ratio between all treatment diets. The percentage diet composition is presented in Table 1 .
Experiment 2. In a second experiment a total of 336 pigs were allotted to a 2 x 4 factorial arangement of treatments in six replicates. Because there were no gain or feed 3 5 4 period. intake differences during the initial 14-d postweaning period of Exp. 1 between dietary lipid sources and the control diet, a second experiment was conducted to evaluate the effects of two diets that contained milk products, neither of which contained supplemental fat, during the 144 postweaning period and to evaluate the subsequent effect of adding a 6% level of coconut oil, soybean oil, or their Combination during the remaining 21 d of the nursery period. The two diets during the initial 14-d period were formulated to 1.25% lysine; the first contained an equal proportion of dried skim milk and dried whey but also contained fishmeal and dextrose and was termed a high nutrient dense diet (HNDD), whereas the second diet was formulated using corn and soybean meal with a 25% level of dried whey (C-SBM-DW). During the postweaning period from d 15 to 35, coconut oil or soybean oil was added at a 6% level to two diets and a 1:l combination of the two lipid sources, each at 3%, was added to the third diet. A fourth diet contained no supplemental fat and served as the control. Diets during d 15 to 35 were formulated using corn, soybean meal, and dried whey; the control diet was formulated to 1.15% lysine, and diets with the vegetable oils were formulated to 1.25% lysine with vitamins and minerals adjusted to maintain a similar energy:nutrient ratio ( Table 2) . Szutisrical Analysis. The performance data of Exp. 1 and 2 were analyzed using the GLM procedure of SAS (1985) . Pen was considered the experimental unit. Orthogonal treatment comparisons served as the basis for treatment inferences. Least squares means of the main effects are presented for both experiments.
Experiment I. The main effect of dietary lipid source and level on resulting postweaning performance of Exp. 1 demonstrated that neither coconut oil nor soybean oil had any effect on daily gain, feed intake, or gain-tofeed ratio during the initial 14d postweaning period compared with pigs fed the basal diet (Table 3) .
During the period from 15 to 35 d there was an improved gain (P < .01) and gain-to-feed ratio (P < .01) as the level of dietary fat increased, but no effect on daily feed intake was observed. For the overall 3 5 d period, growth rate (P < .01) and feed efficiency improved (P < .05) as the level of either lipid source increased, the responses were largely attributed to the last 21-d period of the trial. Although the gain response for the periods from 15 to 35 d and for the overall 3 5 d period were linearly significant (P < .Ol), the data imply a plateau with no growth response above the 6% dietary level of either lipid source. Gain-to-feed ratios, however, improved linearly (P < .01) for the period from 15 to 35 d and 0 to 35 d as the level of both vegetable oil sources increased. There was no interaction effect between oil source and dietary oil level.
Experiment 2. The results presented in Table 4 demonstrate that during the initial 14-d postweaning period feeding the HNDD resulted in higher pig gains (P < .Ol), feed intakes (P < .Ol), and BW (P < .Ol) at 14 d postweaning than feeding the C-SBM-DW diet. Although there was a slight benefit from feeding the HNDD on feed efficiency, the response was not significant.
From 15 to 35 d postweaning there was a small advantage in pig gains when coconut oil (P < .09) was added compared with gains of pigs fed diets containing either soybean oil or the 1:l combination of both vegetable oils. Pigs in three lipid treatment groups, however, had higher postweaning growth rates (P < .01) and superior gain-to-feed ratios (P < .01) than did pigs consuming the control diet. Feed intakes during the period from 15 to 35 d were similar for all treatment groups, regardless of the inclusion of fat in the diet. The inclusion of coconut or soybean oil resulted in similar feed intakes and gain-to-feed ratios.
For the overall 35d period, pigs fed coconut oil or soybean oil or their 1:l Combination had higher growth rates (P < .01) and gain-to-feed ratios (P < .01) than did pigs consuming the unsupplemented lipid control diet.
Pigs fed the HNDD during the initial 14-d postweaning period entered the latter phase of the nursery mal at a heavier BW (P e .01) and continued with higher performances throughout the entire 3 5 d nursery period. Consequently, pigs that had initially consumed the HNDD had higher gains (P < .01) and consumed more feed (P < .06) than pigs that had been initially fed the C-SBM-DW diet, but both groups has similar gain-to-feed ratios during the postweaning period from 15 to 35 d. There was no interaction response between lipid source and the initial postweaning diet, suggesting that the suppleniental fat provided during the latter 21-d period of the trial did not stimulate a compensatory growth response to .ma %near oil level response (P < .05).
kinear oil level response (P < ,oI).
Gain-to-feed ratio pigs initially fed the C-SBM-DW diet. Consequently, the benefits of the HNDD and the subsequent addition of dietary fat at a 6% level seemed to have an additive effect on gain and feed measurement criteria throughout the nursery phase, resulting in pigs with heavier BW (P < .01) at the end of the 35-d trial.
Discussion
Several authors have consistently reported limited, if any, growth response during the first 2 to 3 wk postweaning when various supplemental lipid sources were added to the diets of 3-to 4-wk-old weaned pigs (Leibbrandt et al., 1975; Atteh and Leeson, 1983; Lawrence and Maxwell, 1983; Cera et al., 1988a,b 199Ob; Howard et al., 1990) . Although coconut oil has more consistently resulted in the highest relative growth rate compared with diets without supplemental fat or with other dietary fat sources, there has been a growth response during the latter portion of the nursery period when other vegetable oils were fed (Cera et al., 1989, 199Ob; Howard et al., 1990) . The superior response to coconut oil is attributed to its shorter fatty acid chain length and higher rate of absorption into the bloodstream compared with the fatty acids fiom vegetable and animal fats, which are more rapidly absorbed into the lymphatic system. Vegetable oils, however, contain a high proportion of unsaturated vs saturated fatty acids and have a higher apparent digestibility than the animal fat sources (Sewell and Miller, 1965; Cera et al., 1988b Cera et al., , 1989 . Consequently, vegetable oils are more likely to be beneficial in the diets of starter pigs than are animal fat products. Cera et al. (1988a,b) demonstrated that the apparent digestibility of various vegetable and animal lipid sources increased with age postweaning, generally reaching a plateau between 3 to 4 wk postweaning, with fats of higher digestibilities reaching a plateau eaxlier than those that were less digestible. These workers subsequently reported that luminal lipase activity is low during the initial postweaning period but increased during the postweaning period (Cera et al., 1990a) , c o n f i i g the improved apparent digestibility and improved growth and feed efficiency response with age postweaning.
The feeding of a HNDD not only enhanced .om %NDD = high nutrient dense diet C-SBM-DW = corn-soybean meal-dried whey.
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the initial postweaning growth rate, but the advantage attained from it seemed to be continued throughout the starter period. There was a growth and feed efficiency advantage by adding either coconut oil or soybean oil to the diet from 15 to 35 d postweaning (Exp. 2) compared with the control diet with no added fat. The 1:l combination of the coconut and soybean oil resulted in performance responses similar to those of the vegetable oils.
Recently, Howard et al. (1990) reported a growth response to supplemental soybean oil in the postweaning diets in one experiment but no benefit in a second trial. These workers used a crude soybean oil product in their experiments, whereas we used a degummed soybean oil product. It is possible that the extraction process used in refining soybean oil may improve its feeding value in the diets of weanling pigs. The results of these experiments suggest that the response of pigs to refined degummed soybean oil almost a p proached the performance responses of pigs to the coconut oil addition. Consequently, feeding a diet that contained either vegetable oil product at a 6% level resulted in enhanced growth and feed efficiency during the later stage of the nursery period compared with feeding the control diet not supplemented with fat.
Although the use of animal or vegetable lipid sources and(or) their blends in the diets of older growing-finishing swine is commonplace, the use of triglycerides that contain mediumchain fatty acids (i.e., coconut oil) or a high proportion of unsaturated fatty acids (i.e.. soybean oil or corn oil) seems more capable of achieving positive growth and feed performance responses with weanling pigs.
Implications
The feeding of a high nutrient dense diet vs a corn-soybean meal-dried whey diet during the initial period postweaning seems to result in enhanced gain and feed performance responses during the initial 14-d period postweaning and the performance advantage realized from this period is retained. The addition of vegetable oils during the initial 14 d postweaning does not improve growth or feed efficiency responses, but during the subsequent period from 15 to 35 d the addition of vegetable oils resulted in improved gains and gain-to-feed ratios. Dietary levels of either fat source seemed to maximize performance responses to a 6% dietary level, but the 1:l combination did not further enhance pig performance. The additive effects of the diet sequence evaluated in Exp. 2 suggest that heavier pigs at the end of the starter period are a result of a high nutrient dense diet that is provided during the initial 14 d postweaning and is followed by a diet containing 6% vegetable oil.
